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FLOW CYTOMETRIC, WHOLE BLOOD 
DENDRITIC CELL IMMUNE FUNCTION 

ASSAY 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a continuation of US. Ser. No. 09/787, 
092, ?led Mar. 12, 2001, noW abandoned, Which is a 371 
National Stage application of PCT/US99/21731, ?led Sep. 
21, 1999, and Which is a continuation-in-part of US. Ser. 
No. 09/158,406, ?led Sep. 22, 1998, Which issued as US. 
Pat. No. 6,495,333, the disclosures of Which are incorpo 
rated herein by reference in their entirety. 

FIELD OF THE INVENTION 

This invention relates to assays of blood cell function, and 
in particular to assays of dendritic cell function in Whole 
blood. 

BACKGROUND OF THE INVENTION 

Dendritic cells (DCs), ?rst identi?ed a quarter century ago 
by a characteristic “dendritic” morphology observable in 
peripheral lymphoid tissues, Steinman et al., J. Exp. Med. 
137:1142-1162 (1973), are noW knoWn to be a morphologi 
cally-diverse and Widely-distributed cell population. Today, 
these diverse cells are collectively distinguished by a com 
mon function: dendritic cells are the most potent antigen 
presenting cells (APCs) of the mammalian immune system, 
and alone among the various antigen-presenting cells appear 
capable of triggering a primary T lymphocyte response. 

This singular ability to prime a T cell-mediated immune 
response4combined With a potent ability to present antigen 
to activated T cellsihas implicated dendritic cells as poten 
tial reagents for immune-based therapies, as Well as likely 
targets for therapeutic intervention in the treatment of vari 
ous immune-mediated disorders. 

For example, WO 97/24438 describes compositions and 
methods for co-culturing dendritic cells With T lymphocytes 
and protein antigen in vitro, thus driving the ex vivo 
antigen-speci?c activation of T cells. The activated T cells 
are then administered autologously to effect an antigen 
speci?c immune response in vivo. Similarly, WO 97/29183 
describes a method of activating T cells in vitro by contact 
ing the T lymphocytes With DC that directly express an 
antigenic protein from a recombinant construct. Again, the 
activated T cells are intended for autologous infusion. Spe 
ci?c application of DC-driven ex vivo T cell activation to the 
treatment of prostate cancer is described and claimed in US. 
Pat. No. 5,788,963. In yet another approach, NemaZee, US. 
Pat. No. 5,698,679, describes and claims immunoglobulin 
fusion proteins that deliver antigenic peptides to targeted 
antigen presenting cells (APCs), including dendritic cells, in 
vivo. 

Dendritic cells have also been implicated as important in 
the pathogenesis and pathophysiology of AIDS. One type of 
DC, the Langerhans cells (LC), is generally believed to be 
the initial cell type infected With HIV folloWing mucosal 
exposure to virus. DC are believed to act not only during the 
initial phase of HIV disease, but also during the chronic 
phase, facilitating infection and depletion of T lymphocytes. 
ZoeteWeij et al., JBiomed Sci 5(4):253-259 (1998). DCs in 
lymphoid mucosa may represent a key reservoir of viral 
nucleic acid and virions throughout the course of the disease. 
Grouard et al., Curl: Opin. Immunol. 9(4):563-567 (1997); 
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2 
Weissman et al., Clin. Microbiol. Rev. 1997 10(2):358-367 
(1997). In vitro methods for screening pharmaceutical can 
didates for agents that abrogate HIV infection of DC are 
described and claimed in Steinman et al., US. Pat. No. 
5,627,025. 

Yet despite their importance to the normal mammalian 
immune response and in immunopathology, DCs have been 
dif?cult to study, and particularly di?icult to study in their 
native milieu. 
The di?iculty stems in part from the rarity of dendritic 

cells. Although Widely distributed, DC are sparse, even in 
lymphoid tissues, and represent no more than about 0.3% 
0.5% of nucleated cells in human peripheral blood. 
A further dif?culty arises from the absence of DC-speci?c 

cell surface markers that Would readily permit the positive 
immunoselection of DCs from mixed populations of cells. 

Extensive efforts to identify surface markers that de?ne 
DCs have been only partially successful. As a result, DCs are 
presently identi?ed by multiple-marker panels, With identi 
?cation based primarily on the absence of staining With 
markers for other lineages (i.e., as lin' cells). The result is 
that typical DC immunopuri?cation protocols require at 
least one immunodepletion step, eliminating cells of various 
nondendritic blood lineagesilymphocyte, monocyte, 
granulocyte, and NK lineages, e.g.icoupled With at least 
one immunoenrichment step. The immunoenrichment step 
may, for example, include selection for CD4+ cells (Blood 
Dendritic Cell Isolation Kit, Miltenyi Biotec #468-01, 
Auburn, Calif.), or, in the alternative or in addition, selection 
for HLA-DR expression, Ghanekar et al., J. Immunol. 157: 
4028-4036 (1996). 

These serial manipulations, hoWever, may substantially 
alter the DC cell phenotype from that present in vivo. For 
example, lin_HLA-DR"CD123+ dendritic cells in fresh 
preparations of tonsillar mononuclear cells express loW 
levels of the T cell costimulatory molecules CD80 (B7.1), 
CD86 (B72), and HLA-DQ. Even an overnight culture of 
these cells in the absence of added cytokines is suf?cient to 
induce the mature DC phenotype With upregulation of 
CD86, CD80, HLA-DQ and HLA-DR. OlWeus et al., Proc. 
Natl. Acad. Sci. USA 94(23): 12551-12556 (1997). Longer 
term culture of CD34+ dendritic cell precursors in the 
presence of cytokines effects substantial phenotypic 
changes. Caux et al., J. Exp. Med. 184:695, 1996; OlWeus et 
al., Proc. Natl. Acad. Sci. USA 94(23):12551-12556 (1997). 

Thus, there exists a need in the art for methods of assaying 
dendritic cells Without prior immunopuri?cation or in vitro 
culture. 
The paucity of DC-speci?c cell surface markers further 

suggests that surface immunophenotypic markers may only 
incompletely distinguish dendritic cell subsets that are, 
nonetheless, functionally distinct. For example, peripheral 
blood dendritic cells have been shoWn to fall into tWo 
subsets distinguishable by the divergent expression of 
CD11c and CD123: one subset is CD11c+CD123Z°W, the 
other CD11c_CD123+. OlWeus et al., Proc. Natl. Acad. Sci. 
USA 94(23): 12551-12556 (1997). Yet the critical and dis 
parate roles that dendritic cells play in the immune system 
Would argue that these tWo subsets each likely encompasses 
a variety of cell types With disparate functional activity. 

There thus exists a need in the art for methods of 
distinguishing dendritic cell subsets using phenotypic crite 
ria other than, or in addition to, expression of cell-surface 
markers. There further exists a need for methods of subset 
ting DC based on criteria that may be related more directly 
to DC function. 
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Recently, several groups have reported that intracellular 
staining of cells using cytokine-speci?c antibodies permits 
the How cytometric analysis of cytokine expression in highly 
puri?ed blood cell lineages, including puri?ed dendritic 
cells. Picker et al., Blood 86(4):1408-1419 (1995); Waldrop 
et al., J. Clin. Invest. 99:1739-1750 (1997); Ghanekar et al., 
J. Immunol. 157:4028-4036 (1996); de Saint-V1s et al., J. 
Immunol. 160: 1666-1676 (1998). More recently, Suni et al., 
J. Immunol. 212:89-98 (1998) described an assay for con 
current expression of intracellular cytokines and cell surface 
proteins in antigen-stimulated T lymphocytes Without prior 
T cell puri?cation. Similar assays are described and claimed 
in co-oWned and copending US. patent application Ser. Nos. 
08/760,447 and 08/803,702. 

There exists a need in the art for a method that Would 
adapt intracellular cytokine assays to the measurement of 
cytokine production by unpuri?ed DC cells in Whole blood. 

SUMMARY OF THE INVENTION 

The present invention solves these and other problems in 
the art by providing, in a ?rst aspect, a How cytometric 
method for measuring dendritic cell function in Whole 
blood, comprising the steps of: (a) contacting a Whole blood 
sample With a dendritic cell activator; (b) contacting the 
sample With a plurality of dendritic cell-distinguishing anti 
bodies and at least one cytokine-speci?c antibody; and then 
(c) How cytometrically assaying the sample for the binding 
of cytokine-speci?c antibody by at least one distinguishable 
DC subset. 

In preferred embodiments, activation is performed in the 
presence of an inhibitor of protein secretion, and following 
permeabiliZation of the cells cytokines are detected intrac 
ellularly. Thus, in a particularly preferred embodiment, the 
dendritic cell activator contacting step is performed in the 
presence of Brefeldin A, and the antibody contacting step 
itself comprises the steps, in order, of: (b1) adding a plurality 
of dendritic cell-distinguishing antibodies to the sample; 
(b2) lysing erythrocytes in the sample; (b3) permeabiliZing 
nucleated cells in the sample; and then (b4) adding at least 
one cytokine-speci?c antibody to the sample. 

The dendritic cell-distinguishing antibodies may include a 
plurality of non-DC lineage-speci?c antibodies. In such 
cases, it is particularly preferred that each of the non-DC 
lineage-speci?c antibodies be conjugated to the identical 
?uorophore. When a plurality of non-DC lineage-speci?c 
antibodies is used, the dendritic cell-distinguishing antibod 
ies further include an antibody speci?c for HLA-DR. 

In a preferred embodiment, subsets of dendritic cells are 
distinguishably labeled. In this embodiment, the dendritic 
cell-distinguishing antibodies include at least one antibody 
that binds differentially to the surface of the different den 
dritic cell subsets. Particularly preferred in this embodiment 
is the use of antibody speci?c for CD11c or CD123. 

The function of DCs can be characteriZed by their cytok 
ine expression patterns and by the dynamic regulation of 
differentiation/activation markers (CMRF-44, CMRF-56, 
CD83, CD25), of co-stimulatory molecules (CD40, CD80, 
CD86) and of class II major histocompatibility complexes 
(MHC class II). Thus, in a second aspect, the invention 
provides a How cytometric method for measuring dendritic 
cell function in Whole blood, comprising: (a) contacting a 
Whole blood sample With a dendritic cell activator; (b) 
adding to the sample a plurality of dendritic cell-distinguish 
ing antibodies and at least one antibody speci?c for a 
dendritic cell surface marker indicative of dendritic cell 
activation; and then (c) How cytometrically assaying said 
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4 
sample for the binding of said antibody speci?c for the 
dendritic cell surface activation marker by at least one 
distinguishable DC subset. The dendritic cell surface acti 
vation marker is usefully selected from the group consisting 
of differentiation/activation markers (CMRF-44, CMRF-56, 
CD83, CD25), of co-stimulatory molecules (CD40, CD80, 
CD86) and of class II major histocompatibility complexes 
(MHC class II). 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other objects and advantages of the 
invention Will be apparent upon consideration of the fol 
loWing detailed description, taken in conjunction With the 
accompanying draWings, in Which like reference characters 
refer to like parts throughout, and in Which: 

FIG. 1 is a How chart schematiZing the basic steps in a 
Whole blood ?oW cytometric assay for dendritic cell func 
tion, With LPS exempli?ed as the dendritic cell activator; 

FIGS. 2A-2J presents a series of dot plots generated 
during the How cytometric analysis of Whole blood activated 
With LPS in the presence of Brefeldin A, as described in 
example 3; 

FIGS. 3A-3I presents a series of dot plots generated 
during the How cytometric analysis of Whole blood activated 
With PMA+I in the presence of Brefeldin A, as described in 
example 3; 

FIGS. 4A-4K presents a series of dot plots generated 
during the How cytometric analysis of Whole blood incu 
bated in the presence of brefeldin A to the absence of 
activator (resting control), as described in example 3; 

FIGS. 5 presents the differential expression of TNFO. and 
IL-8 in CD11c+ dendritic cells from tWo donors each acti 
vated alternatively With LPS or PMA+I; 

FIGS. 6A-6C is a series of histograms summarizing the 
effects of three different dendritic activators on the surface 
expression of the identi?ed markers on peripheral blood 
dendritic cells in Whole blood; 

FIG. 7A-B shoWs a comparison of cytokine expression 
betWeen monocytes (gray bars) and CD11c+ DCs (black 
bars) in activated Whole blood, With FIG. 7A shoWing 
LPS+Brefeldin A-stimulated cells, and FIG. 7B shoWing 
PMA+I+Brefeldin A-stimulated cells; and 

FIG. 8 shoWs kinetics of TNFa, IL-1[3, IL-6 and CD80 in 
LPS activated CD11c+ DCs. The time course of LPS incu 
bation Was 0 to 8 hours. Intracellular cytokine and CD80 
expression is measured as PE mean ?uorescence intensity 

(MFI). 

DETAILED DESCRIPTION OF THE 
INVENTION 

In order that the invention herein described may be fully 
understood, the folloWing detailed description is set forth. In 
the description, the folloWing terms are employed: 
By “Whole blood” is intended a ?uid blood sample as 

draWn from a mammal and substantially unfractionated 
thereafter. That is, if fractionation is performed subsequent 
to blood draW, the fractionation has raised the percentage of 
dendritic cells to no more than about 5%, preferably no more 
than about 1-4%, most preferably no more than 1%, of total 
nucleated cells; 

“Antibody” includes all products, derived or derivable 
from antibodies or from antibody genes, that are useful as 
markers in the How cytometric methods described herein. 
“Antibody” thus includes, inter alia, natural antibodies, 
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antibody fragments, antibody derivatives, and genetically 
engineered antibodies, antibody fragments, and antibody 
derivatives; 

“Dendritic cell-distinguishing antibody” includes any 
antibody that may be used, alone or in combination With 
other antibodies, to facilitate identi?cation of dendritic cells, 
and thus includes antibodies that are speci?c for epitopes 
displayed by non-DC lineages and further includes antibod 
ies that bind to structures displayed by DC that prove useful 
for positive immuno-identi?cation; 

“Lineage negative”, also abbreviated “lin'”, denominates 
the absence of cell surface markers knoWn to be character 
istic of non-dendritic lymphopoietic or hematopoietic cell 
lineages. By “absence” is intended a level of surface expres 
sion, as measured in an immunoassay, such as a How 
cytometric assay, that is not signi?cantly different from 
background; 
A “dendritic cell activator” is any substance that is 

capable of inducing or upregulating expression of cytokines, 
chemokines, or detectable cell surface proteins by dendritic 
cells; 

All remaining terms have their usual meaning in the How 
cytometric arts, as set forth, inter alia, in Ormerod (ed.), 
Flow Cytometry: A Practical Approach, Oxford Univ. Press 
(1997); JarosZeski et al. (eds.), Flow Cytometry Protocols, 
Methods in Molecular Biology No. 91, Humana Press 
(1997); and Practical Flow Cytometry, 3rd ed., Wiley-Liss 
(1995). 

Dendritic cells (DC) capture, process and present antigen 
to naive and memory T cells, and thus play a pivotal role in 
the mammalian immune response. An understanding of DC 
function is critical to any detailed understanding of mam 
malian immune function. Yet functional studies of dendritic 
cells have in the past been hampered by the functional 
diversity of the cells that are collectively so denominated. 

For example, studies of peripheral blood dendritic cells 
Were for tWo decades conducted Without aWareness of the 
fact that peripheral blood dendritic cells fall into tWo mutu 
ally-exclusive subsets distinguishable by cell surface immu 
nophenotype. Thomas et al., J. Immunol. 153:4016 (1994); 
O’Doherty et al., Immunology 82:487-493 (1994); OlWeus et 
al., Proc. Natl. Acad. Sci. USA 94(23): 12551-12556 (1997). 
Both subsets express high levels of HLA-DR and lack 
markers characteristic of other lineages (CD3, CD14, CD19, 
CD20, CD16, CD56). The subsets are distinguished from 
one another by their divergent expression of CD11c and 
CD123: one subset is CD11c+CD123Z°W, the other CD11c' 
CD123". O’Doherty et al., Immunology 82:487-493 (1994); 
OlWeus et al., Proc. Natl. Acad. Sci. USA 94(23): 12551 
12556 (1997); Willmann et al., “Peripheral Blood Dendritic 
Cells Revealed by FloW Cytometry” (Becton-Dickinson 
Application Note 3) (1998). 

The tWo peripheral blood DC subsets that Were ?rst 
identi?ed by fortuitous cell surface distinctions have noW 
been shoWn to be functionally distinct. It is knoWn, for 
example, that the CD11c"CD123Z°W DC subset proves more 
potent than the CD11c'CD123+ subset in stimulating T cells 
in a mixed lymphocyte reaction (MLR). And as shoWn 
neWly herein, the CD11c+ subset alone responds to DC 
activators With upregulation of cytokine production and 
increased surface expression of T cell costimulatory mol 
ecules. 

The tWo decades that intervene betWeen the ?rst identi 
?cation of DC and the ?rst demonstration that peripheral 
blood contains immunophenotypically and functionally dis 
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6 
crete DC subsets speak to the insuf?ciency of surface 
phenotyping fully to capture the functional diversity of 
dendritic cells. 
The present invention permits peripheral blood dendritic 

cells to be described and distinguished based upon differ 
ences in their functional responses to DC activators. The 
invention further permits these functional responses to be 
measured With minimal experimental intervention, preclud 
ing the knoWn phenotypic plasticity of dendritic cells from 
confounding the results. 

FIG. 1 schematiZes the basic method of the present 
invention. A sample of Whole blood is ?rst incubated With a 
DC activator. LPS is exempli?ed in the ?gure. 

Incubation With the dendritic cell activator serves to drive 
the differential phenotypic response of the various DC 
subsets present in the sample; measurement of these differ 
ences permits the discrimination of DC subsets that might 
otherWise prove indistinguishable. Di?ferent activators pro 
duce different sets of responses, permitting still ?ner dis 
tinctions to be draWn. Although both FIG. 1 and the experi 
ments reported herein exemplify the invention using DC 
activators With broad and pleiotropic effects, such as LPS, 
activators With ?ner speci?city Will also prove useful. 

Incubation With a dendritic cell activator is particularly 
shoWn differentially to upregulate the production of various 
cytokines by peripheral blood dendritic cells Which, absent 
stimulation, produce no detectable cytokines. By performing 
the activation step in the presence of Brefeldin A (“BFA”), 
Which disassembles the Golgi complex (OpenshaW et al., J. 
Exp. Med. 182:1357 (1995); Chardin and McCormick, Cell 
97:153 (1999)), inhibiting protein transport through the 
cellular secretion pathway, cytokine proteins accumulate in 
the cells and may be detected ?oW cytometrically in a later 
step of the assay. Similar results Would be obtained using 
equivalent inhibitors of secretion, such as monensin. 

After incubation in the presence of activator and BFA, the 
surface of the cells is stained With ?uorophore-conjugated 
antibodies. 

This surface staining step includes, as a ?rst class of 
antibodies, a plurality of dendritic cell-distinguishing anti 
bodies. A dendritic cell-distinguishing antibody is any anti 
body that may be used, alone or in combination With other 
antibodies, to facilitate identi?cation of dendritic cells. 
Thus, the antibodies used in this step may include (1) 
antibodies that preferentially bind non-dendritic cells, and 
(2) antibodies that bind to dendritic cell surface structures 
useful in identifying DC. 
As to the ?rst such category, a cocktail of lineage-speci?c 

antibodies labeled With the identical ?uorophore may advan 
tageously be used. One such cocktail available commer 
cially is the lin 1 FITC lineage cocktail from Becton 
Dickinson lmmunocytometry Systems (BDIS, San Jose, 
Calif., catalogue number 340546), Which contains a mixture 
of antibodies speci?c for CD3, CD14, CD16, CD19, CD20, 
and CD56, each conjugated to ?uorescein isothiocyanate 
(FITC). In combination, the antibodies in the cocktail stain 
lymphocytes, monocytes, eosinophils, and neutrophils, but 
not dendritic cells. The DC in the labeled sample thus assort 
into the FITC‘ or FITCZOW class. The lin 1 cocktail is 
particularly advantageous in that the concentration of anti 
bodies and degree of conjugation have been titrated to 
provide equivalent intensity ?uorescence signals from the 
cells of the various non-DC lineages that are bound by the 
antibodies. 
As to the second category of dendritic cell-distinguishing 

antibodies there is, as yet, no cell surface marker that alone 
positively identi?es dendritic cells. When such DC-speci?c 
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surface structure is identi?ed, an antibody thereto may be 
used alone in this stage of the protocol. At present, hoWever, 
the use of antibodies in the second category of DC-distin 
guishing antibodiesiantibodies that af?rmatively bind to 
dendritic cell surface structures4obligates the additional 
use of DC-distinguishing antibodies from the ?rst category, 
i.e., those that identify non-dendritic lineages. 

Conversely, antibodies from the ?rst category of DC 
distinguishing antibodiesithose that preferentially bind 
non-dendritic cells4cannot at present be used Without at 
least one antibody from the second category. Basophils are 
lin_CDl23highCDl lc+ but HLA-DR‘; When antibodies that 
preferentially bind non-dendritic cells (category 1) are used 
in the assay, an anti-HLA-DR antibody must also be used. 

If dendritic cell-distinguishing antibodies of both ?rst and 
second category are used, the antibodies in the tWo catego 
ries are preferentially labeled With ?uorophores that are How 
cytometrically distinguishable. 

The surface staining step may optionally also include, as 
a second broad class, antibodies that distinguish knoWn 
dendritic cell subsets. Thus, antibodies speci?c for CDllc or 
CD123 prove particularly useful, as these antigens are 
knoWn to de?ne mutually exclusive peripheral blood DC 
subsets. The ?uorophore used should be How cytometrically 
distinguishable. Thus, Where antibodies used later in the 
assay for intracellular staining are labeled With phycoeryth 
rin (PE), a typical surface staining scheme Would include, 
e.g., lin l FITC, HLA-DR PerCP, and CDllc APC (in this 
nomenclature, the antibody is identi?ed by its speci?city, 
folloWed by the ?uorophore). 

After surface staining, the red cells in the sample are lysed 
and the nucleated cells then permeabilized. These tWo steps 
may be accomplished using commercially available 
reagents, such as FACS® PermeabiliZing Solution and 
FACS® Lysing solution (BDIS catalogue numbers 340457 
and 349202, respectively), according to the manufacturer’s 
instructions. 

Following permeabiliZation, the cells are stained intrac 
ellularly using ?uorophore-conjugated antibodies that are 
speci?c for cytokines. The ?uorophore conjugated to the 
cytokine-speci?c antibodies is preferentially distinguishable 
in a How cytometric assay from any of those used for surface 
staining. 

After intracellular staining, the cells are Washed and then 
analyZed using a How cytometer, preferably one capable of 
simultaneous excitation and detection of multiple ?uoro 
phores. 

FIG. 1 does not schematiZe the assay for detecting 
changes in the surface expression of dendritic cell activation 
markers, Which differs in some respects from that used to 
detect changes in cytokine expression. 

In such an assay, activation of dendritic cells in Whole 
blood is performed in the absence of secretion inhibitor, such 
as Brefeldin A. This precludes the concurrent measurement, 
in any such sample, of intracellular cytokine expression. 

After incubation in the presence of activator, the surface 
of the cells is stained With ?uorophore-conjugated antibod 
ies. In this step, a plurality of dendritic-cell distinguishing 
antibodies is used, optionally With antibodies that distin 
guish knoWn dendritic cell subsets, as above-described. 

In addition, hoWever, a third class of surface-staining 
antibodies is used. These are antibodies that recogniZe 
surface structures, typically proteins, the expression of 
Which is altered by the prior incubation With dendritic cell 
activator. For example, activation of peripheral blood den 
dritic cells is knoWn to cause upregulation of the T cell 
costimulatory molecules CD80 (B7.l), CD86 (B72) and 
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8 
HLA-DQ. OlWeus et al., Proc. Natl. Acad. Sci. USA 
94:12551-12556 (1997). Thus, the surface staining step, as 
desired, may include antibodies speci?c for one or more of 
these antigens. Recent reports identify CD83 and CMRF-44 
as cell surface markers that are expressed at high levels on 
activated or cultured DCs from blood and lymphoid tissue; 
antibodies speci?c for these markers may also advanta 
geously be used. Antibodies of this class, if used, are 
typically conjugated to a ?uorophore that is How cytometri 
cally distinguishable from the antibodies described above. 
Thus, a typical surface staining scheme Would include, e.g., 
lin l FITC, HLA-DR PerCP, CDllc APC, and an antibody 
speci?c to a DC surface activation antigen labeled With PE. 

After surface staining, the red cells in the sample are lysed 
and the cells are Washed and then analyZed using a How 
cytometer, preferably one capable of simultaneous excita 
tion and detection of multiple ?uorophores. 
As further elaborated in the experimental examples here 

inbeloW and FIGS. 2-8, Whole blood samples from normal 
volunteers Were assayed for dendritic cell function. Prepa 
rations Were activated With either lipopolysaccharide 

(“LPS”), phorbol l2-myristate l3 acetate (“PMA”) plus 
ionomycin (“I”) (together, “PMA+I”) or CD40-crosslinking, 
each for 4 hours at 37° C. Substances attempted as activators 
that elicited no cytokine productioniPHA, CD2/ 2R (BDIS 
Cat. No. 340366), SEB (staph enterotoxin B), CMV, and 
crosslinking of CD49d fare not reported. CD40 crosslink 
ing e?fected changes in surface antigen expression but failed 
to elicit cytokine production. 

Table 1 lists the cytokines that Were assayed in one or 
more of the experiments, further classi?ed according to the 
DC activator used in the experiment. A plus (“+”) indicates 
that expression of the respective cytokine Was assessed in 
one or more experiments; a minus (“—”) indicates that 

expression of the respective cytokine Was not assessed. 
Table 1 does not report the level of expression, Which 
folloWs in Table 2. 

TABLE 1 

Cytokines Assayed 

CD40 
LPS PMA + I crosslinking 

++++++++++++ |+++++++++++ |++++++||+++ 
Table 2 presents the functional responses of the CDllc+ 

and CDllc- dendritic cell subsets, stimulated With either 
LPS or PMA+I, and assayed in Whole blood. Cytokine 
expression is measured as mean ?uorescence intensity 
(MFI); the change in surface molecule expression is mea 
sured as a ratio of mean ?uorescence intensities (MFI) of 
activated versus control sample. 
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TABLE 2 

DC Functional Responses 

LPS 
CD11c+ 

PMA + I 

CD11c+ 
LPS 

CD110’ 
PMA + I 

CD110’ 

IL-1 (1 

IL-1 [5 
IL-1 RA 
IL-2 
IL-4 
IL-6 
IL-8 
IL-1 0 
IL-12 
IL-13 
TNFot 
IFN-y 
CD25 
CD40 
CD80 
CD86 

HLA-DQ 
HLA-DR 

L + 

ll+ll|++ llll llll 

++++++|+| 
The results of these experiments, quite surprisingly, dem 

onstrated the CDllc'CD123+ subset failed to produce any 
of the tested cytokines, no matter Which DC activator Was 
used. When assayed for changes in surface antigen expres 
sion, this subset demonstrated clear upregulation of CD25 
expression upon PMA+I activation; upregulation of CD25 
Was the only distinct response observed in CDllc'CD123+ 
DCs for all investigated stimuli. 

In striking contrast, the CD11c"CDl23Z°W DCs showed 
easily measured changes in cytokine expression When stimu 
lated With LPS or PMA+I. 

With LPS stimulation, CDllc+ cells produced high levels 
of TNFO. and IL-1 [3, loWer levels of IL-6, IL-lRA and IL-8, 
and trace levels of IL-12 and lL-la. The response to LPS is 
surprising: the CD11c"CD123Z°W DC are CD14“, and CD14 
is the principal LPS receptor. It seems likely that LPS acts 
additionally through a second receptor, perhaps CDllc' 
itself. Consistent With that hypothesis, the CDllc‘ DCs, 
Which lack both CD14 and CDllc, fail to respond to LPS 
stimulation With increased intracellular cytokine expression. 
Further consistent With this hypothesis, CD14"CD11c+ 
monocytes respond to LPS stimulation much more potently 
than do CD14‘CD11c+ DCs (FIG. 7A), Without shoWing 
signi?cantly increased response to PMA+I (FIG. 7B). 

FIG. 8 further shoWs the kinetics of the response of 
CDllc+ DCs to LPS. TNFO. is produced ?rst, folloWed by 
lL-lB and IL-6. CD80 is intensely upregulated after about 4 
hours of activation. 

With PMA+I activation, CDllc+ cells produced IL-8 and 
lL-lB, loWer but signi?cant levels of IL-lRA and TNFot, 
trace amounts of lL-lot, and no detectable lL-6. 

Thus, differences in the cytokine responses of the CD1 1c+ 
DC subset to various activators Were readily observed. 
Principal among these differences is the expression of IL-6 
uniquely When stimulated With LPS, and the altered relative 
expression of IL-8 and TNFot. 

The activation of CDllc+ DCs in Whole blood also led to 
an increased expression of accessory molecules. LPS acti 
vation triggered upregulation of CD25, CD40, CD80, CD86, 
HLA-DR and HLA-DQ. The T cell co-stimulatory mol 
ecules, in particular CD80, gave the strongest signal. PMA+I 
led to an upregulation of CD86, CD80, HLA-DQ and 
HLA-DR. Minimal increase of CD25 and CD40 Were 
observed. 
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10 
Activation via crosslinking of CD40 resulted in increased 

levels of CD86, CD80, and minimal upregulation of HLA 
DR. 

These data, as further detailed in the experimental 
examples that folloW, demonstrate that peripheral blood DC 
subsets may readily be distinguished in Whole blood by their 
differential production of cytokines and/or cell surface pro 
teins in response to DC activators. 

Furthermore, because the dendritic cells that Were 
observed to respond to DC activators fall into a subset 
(CD11c+) knoWn to be more potent in T cell activation than 
is the subset (CDllc‘) shoWing no such response, the data 
further demonstrate that the parameters measured in the 
method of the present invention4cytokine production and 
upregulation of surface activation antigens4directly corre 
late With DC function. 
The ease With Which the present invention permits mea 

surement of DC function in Whole blood, Without prior DC 
puri?cation, Was unexpected, because the loW frequency of 
DCs in blood, coupled With the tendency of activated DCs 
to adhere to equipment, had earlier suggested that too feW 
events could be assayed in a blood sample of clinically 
relevant siZe. 
The ability to measure DC function in Whole blood, 

Without prior DC puri?cation, offers signi?cant advantages. 
From a procedural standpoint, the methods of the present 

invention eliminate the cell loss attendant upon all DC 
puri?cation schemes, increasing sensitivity and reducing 
possible systematic bias. Additionally, the minimal pertur 
bation effected by the methods of the present invention 
reduces the chance for phenotypic changes resulting from 
experimental intervention. And as a How cytometric assay, 
the methods of the present invention permit DC function to 
be assessed on a cell-by-cell, rather than bulk, basis, per 
mitting ?ne discrimination. 
From the standpoint of the data made neWly available by 

this invention, the methods of the present invention permit, 
for the ?rst time, the ready and rapid assessment of DC 
function in Whole blood. 
As applied to human patients, the methods of the present 

invention thus permit the measurement of DC function to be 
added to the existing roster of immune function assays, and 
Will ?nd utility in clinical situations in Which such existing 
immune function tests are presently used. For example, the 
methods of the present invention may advantageously be 
used, alone or in conjunction with How cytometric quanti 
tation of CD4+ T lymphocyte levels, in the clinical staging 
of AIDS progression. The methods of the present invention 
may also be used, alone or in conjunction With existing 
assays, in the assessment of immune function in congenital, 
rather than acquired, immunode?ciency syndromes, and in 
the assessment of immune competence folloWing therapeu 
tic immunosuppression or immunoablation. At the other end 
of the clinical spectrum, the methods of the present inven 
tion Will also pro?tably ?nd use, alone or in conjunction 
With existing assays, in the clinical assessment of various 
forms of immune hypersensitivity, allergies, or in the clini 
cal assessment of autoimmune diseases such as multiple 
sclerosis, rheumatoid arthritis, sarcoidosis, or the like. 
By permitting the study of DC function in Whole blood, 

the methods of the present invention also permit the ready 
evaluation of the effects that agents circulating in the blood 
may have on DC function. In particular, the assay permits 
the assessment of the speci?c effects on DC function of 
pharmaceutical agents that either intentionally or fortu 
itously a?fect DC function. 












